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SUMVARY
Penicilliumroqueforti is a conmmon saprophytic fungus that
is widespread in nature and can be isolated fromsoil, decaying

organi ¢ substances and plant parts. The major industrial uses of
this fungus are for the production of blue cheeses, flavoring
agents, antibacterials, polysaccharides, proteases and ot her
enzymes. Mst strains of P. roqueforti, including those used in
cheese production, have been shown to be capabl e of producing a
variety of nycotoxins. P. roqueforti's long history of use in

t he production of blue cheese has shown no adverse effects.

O her industrial uses may, however, result in the production and
rel ease of certain mycotoxins. The potential risks fromuse of
P. roqueforti in fermentation facilities are | ow.

[ 1. BACKGROUND
A. | nt roducti on

EPA recogni zes that sonme m croorganisns present a |low risk
when used under specific conditions at general comercial use.
Therefore, EPA is proposing expedited regulatory processes for
certain mcroorgani sns under these specific conditions at the
general commercial use stage. M croorgani smuses that woul d be
exenpt neet criteria addressing: (1) perfornmance based standards
for mnimzing the nunbers of m croorganisns emtted fromthe
manufacturing facility; (2) the introduced genetic material; and
(3) the recipient mcroorganism M croorganisns that qualify for
t hese exenptions, terned Tier | and Tier |Il, nust neet a standard
of no unreasonable risk in the exenpted use.

To evaluate the potential for unreasonable risk to human
health or the environnment in devel oping these exenptions, EPA
focuses primarily on the characteristics of the recipient
m croorganisns. |If the recipient is shown to have little or no
potential for adverse effects, introduced genetic materi al
nmeeting the specified criteria would not likely significantly
i ncrease potential for adverse effects. As further assurance
that risks would be Iow, EPA is also specifying procedures for
m ni m zi ng nunbers of organisns emtted fromthe facility. When
bal anced agai nst resource savings for society and expected
product benefits, these exenptions wll not present unreasonable
risks.
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B. Criteria for Mnimzing Rel ease from Manufacturing
Facilities

The standards prescribed for the Tier | exenption require
the following: (1) the structure(s) be designed and operated to
contain the mcroorganism (2) access to the structure should be
limted to essential personnel, (3) inactivation procedures shown
to be effective in reducing the nunber of viable m croorgani sns
in liquid and solid wastes should be followed prior to disposal
of the wastes, (4) features to reduce mcrobial concentrations in
aerosol s and exhaust gases released fromthe structure should be
in place, and (5) general worker hygiene and protection practices
shoul d be fol |l owed.

1. Definition of structure. EPA considers the term
"structure" to refer to the building or vessel which effectively
surrounds and encl oses the m croorganism \Vessels may have a
variety of fornms, e.g., cubic, ovoid, cylindrical, or spherical,
and may be the fernentation vessel proper or part of the
downstream product separation and purification line. Al would
performthe function of enclosing the mcroorganism |In general,
the material used in the construction of such structure(s) woul d
be i nperneable, resistant to corrosion and easy to
clean/sterilize. Seans, joints, fittings, associated process
pi pi ng, fasteners and other simlar elenments would be seal ed.

2. Standards to mnimze mcrobial release. EPA s
proposi ng, for several reasons, a sonewhat cautious approach in
prescribing standards for mnimzing the nunber of m croorganisns
emtted through the di sposal of waste and the venting of gases.
First, a wide range of behaviors can be displayed by
m croorgani snms nodi fied consistent wwth EPA's standards for the

i ntroduced genetic material. Second, EPA will not conduct any
revi ew what soever for Tier | exenptions. EPA believes the
requirenent to mnimze emssions wll provide a neasure of risk

reduction necessary for naking a finding of no unreasonable risk.
Taken together, EPA' s standards ensure that the nunber of
m croorgani sns emtted fromthe structure is mnimzed.

EPA' s proposed standards for mnim zing em ssion specify
that liquid and solid waste containing the m croorgani sns be
treated to give a validated decrease in viable mcrobial
popul ations so that at |east 99.9999 percent of the organi sns
resulting fromthe fernentation wll be killed. Since the
bacteria used in fernmentati on processes are usually debilitated,
either intentionally or through acclimation to industrial
fermentation, the small fraction of m croorgani snms remnaining
viabl e after inactivation treatnents will |ikely have a reduced
ability to survive during disposal or in the environnent.
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Mor eover, industrial conpanies, in an attenpt to keep their
proprietary m croorgani sns fromconpetitors and to reduce the

m crobi al nunbers to those permtted by |ocal sanitation
authorities, nodify the mcroorganisns to increase the ability of
their mcroorganisns to survive and performtheir assigned tasks
in the fermentor but decrease their ability to survive in the
envi ronnent external to the fernentor.

EPA requirenents al so address m croorgani sns in the exhaust
fromthe fernmentor and along the production line. To address
exhaust fromfernentors, EPA is proposing that the nunber of
m croorgani sns in fernentor gases be reduced by at |east two | ogs
prior to the gases being exhausted fromthe fernmentor. EPA
sel ected this nunber based on an estimate of the nunbers of
m croorganisns likely to be in the exhaust froman uncontroll ed
fermentor and common industry practice. Mreover, m croorgani sns
that are physiologically acclimated to the growh conditions
within the fernmentor are likely to be conpromsed in their
ability to survive aerosolization. EPA anticipates, therefore,
that few m croorganisns will survive the stresses of
aerosolization associated wth being exhausted in a gas fromthe
fermentor. The provision requiring reduction of m croorgani sns
in fermentor exhaust gases contributes to minimzing the nunber
of viable mcroorganisns emtted fromthe facility.

EPA is al so proposing that the requirenments specify that
ot her systens be in place to control dissem nation of
m croorgani sms by other routes. This would include prograns to
control pests such as insects or rats, since these m ght serve as
vectors for carrying mcroorgani sns out of the fernentation
facilities.

3. Worker protection. The requirenent to mnimze
m crobi al em ssions, in conjunction with the requirenment for
general worker safety and hygi ene procedures, also affords a
measure of protection for workers. Potential effects on workers
that exist with mcroorganisns in general (e.g., allergenicity)
will be present with the m croorgani sns qualifying for this
exenption. As wth other substances that humans may react to
(e.g., pollen, chemcals, dust), the type and degree of
all ergenic response is determ ned by the biology of the exposed
individual. It is unlikely that a mcroorganismnodified in
keeping wth EPA s specifications for the introduced genetic
mat eri al woul d i nduce a hei ghtened response. The general worker
hygi ene procedures specified by EPA shoul d protect nost
individuals fromthe allergenic responses associated with
m croorgani sns exhausted fromfernentors and/or other substances
emtted al ong the production line. The EPA requirenent that
entry be limted to essential personnel also addresses this
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consideration by reducing to a mnimumthe nunber of individuals
exposed.

4. Effect of containnent criteria. As further assurance
that risks would be | ow, EPA is specifying procedures for
m ni m zi ng nunbers of organisns emtted fromthe facility for the
Tier | exenption. EPA is not specifying standards for mnim zing
t he nunber of mcroorganisns emtted fromthe facility for
m croorgani sns qualifying for Tier Il exenption. Rather, the
Agency requests that submtters utilize as guidance the standards
set forth for Tier | procedures. The procedures proposed by the
submtter in a Tier Il exenption request will be reviewed by the
Agency. EPA will have the opportunity to eval uate whether the
procedures the submtter intends to inplenment for reducing the
nunber of organisns emtted fromthe facility are appropriate for
t hat m croorgani sm

C. | nt roduced Genetic Material Criteria

In order to qualify for either Tier | or Tier Il exenption,
any introduced genetic material nust be limted in size, well
characterized, free of certain nucleotide sequences, and poorly
nmobi | i zabl e.

1. Limted in size. |Introduced genetic material nust be
limted in size to consist only of the followng: (1) the
structural gene(s) of interest; (2) the regulatory sequences
permtting the expression of solely the gene(s) of interest; (3)
t he associ ated nucl eoti de sequences needed to nove genetic
material, including |linkers, honopol yners, adaptors, transposons,
i nsertion sequences, and restriction enzyne sites; (4) the
nucl eoti de sequences needed for vector transfer; and (5) the
nucl eoti de sequences needed for vector nmintenance.

The limted in size criterion reduces risk by excluding the
introduction into a recipient of extraneous and potentially
uncharacterized genetic material. The requirenment that the
regul atory sequences permt the expression solely of the
structural gene(s) of interest reduces risk by preventing
expressi on of genes downstream of the inserted genetic material.
The limtation on the vector sequences that are conponents of the
i ntroduced genetic material prevents the introduction of novel
traits beyond those associated with the gene(s) of interest. The
overall result of the |imted in size criterion is inproved
ability to predict the behavior of the resulting m croorgani sm

2. VWll characterized. For introduced genetic nmaterial,
wel | characterized neans that the foll owi ng have been determ ned:
(1) the function of all of the products expressed fromthe
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structural gene(s); (2) the function of sequences that
participate in the regulation of expression of the structural
gene(s); and (3) the presence or absence of associ ated nucl eoti de
sequences.

Wel | characterized includes know edge of the function of the
i ntroduced sequences and the phenotypic expression associ at ed
with the introduced genetic material. Genetic material which has
been exam ned at the restriction map or sequence |evel, but for
whi ch a function or phenotypic trait has not yet been ascri bed,
is not considered well characterized. WII| characterized would
i ncl ude know ng whether nultiple reading franes exist wthin the
operon. This relates to whether nore than one biol ogical product
m ght be encoded by a single sequence, and addresses the
possibility that a nodified m croorgani smcould display
unpr edi cted behavi or should such nultiple reading frames exi st
and their action not be anticipated.

3. Free of certain sequences. In addition to inproving
the ability to predict the behavior of the nodified
m croorganism the well characterized requirenent ensures that
segnents encoding for either part or the whole of the toxins
listed in the proposed regulatory text for the TSCA bi ot echnol ogy
rule would not inadvertently be introduced into the recipient
m cr oor gani sm

These toxins are pol ypeptides of relatively high potency.
O her types of toxins (e.g., nodified am no acids, heterocyclic
conpounds, conpl ex pol ysacchari des, glycoproteins, and peptides)
are not listed for two reasons. First, their toxicity falls
within the range of noderate to | ow. Second, these types of
toxins generally arise fromthe activity of a nunber of genes in
several netabolic pathways (nultigenic).

In order for a mcroorganismto produce toxins of nultigenic
origin, a large nunber of different sequences woul d have to be
i ntroduced and appropriately expressed. It is unlikely that al
of the genetic material necessary for netabolizing nultigenic
toxi ns woul d be inadvertently introduced into a recipient
m croorgani smwhen requirenents that the genetic material be
[imted in size and well characterized are foll owed.

Simlarly, other properties that m ght present risk concerns
result fromthe interactive expression of a |arge nunber of
genes. For exanple, pathogenic behavior is the result of a |large
nunber of genes being appropriately expressed. Because of the
conpl ex nature of behaviors such as pathogenicity, the
probability is Iow that an insert consisting of well
characterized, limted in size genetic material could transform
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t he m croorgani sns proposed for exenption into m croorgani snms
whi ch di spl ay pat hogeni ¢ behavi or.

4. Poorly nobilizable. Poorly nobilizable neans the
ability of the introduced genetic material to be transferred and
nmobilized is inactivated, with a resulting frequency of transfer
of less than 10°® transfer events per recipient. The requirenent
that the introduced genetic nmaterial be poorly nobilizable
reduces potential for transfer of introduced genetic sequences to
other mcroorganisns in the environnment. Such transfers would
occur through the interaction of the introduced m croorgani sm
w t h i ndi genous m croorgani snms through conjugation, transduction,
or transformation. Through such transfers, the introduced
genetic material could be transferred to and propagated within
di fferent popul ati ons of m croorgani sns, including m croorgani sns
whi ch may never previously have been exposed to this genetic
material. It is not possible to predict how the behavi or of
t hese potential recipient mcroorganisns wll be affected after
upt ake and expression of the genetic material.

Since EPAis not limting the type of organismthat can
serve as the source for the introduced genetic material, sone
limtation is placed on the ability of the introduced genetic
material to be transferred. This limtation mtigates risk by
significantly reducing the probability that the introduced
genetic material would be transferred to and expressed by ot her
m cr oor gani sns.

The 108 frequency is attainable given current techniques.
Plasmids with transfer rates of 108 exist or are easily
constructed. Sone of the plasm ds nost commonly enpl oyed as
vectors in genetic engineering (e.g., pBR325, pBR322) have
nmobi | i zation/transfer frequencies of 108 or |ess.

The criteria set for "poorly nobilizable" for transduction
and transformati on shoul d not prevent nost m croorganisns from
nmeeting the exenption criteria, since the magjority of transfer
frequencies reported for transduction and natural transformation
are less than 108 Higher frequencies are likely only if the
i ntroduced genetic material has been altered or selected to
enhance frequency.

Fungal gene transfer has al so been considered in devel opnent
of the poorly nobilizable criterion. Although nobile genetic
el ements such as transposons, plasm ds and doubl e stranded RNA
exist in fungi and can be readily transferred, this transfer
usually is only possible between nenbers of the sanme species
during anastonosis, a process specific to fungi. Since
anastonosis only occurs between nenbers of the sane species, the
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i ntroduced genetic material would not be transferred to distantly
related fungi as may occur with bacteri a.

5. Effect of introduced genetic material criteria. The
requi renents placed on the introduced genetic material, in
concert with the level of safety associated with P. roqueforti,
ensure that the resulting m croorgani sns present |ow or
negligible risk. The probability is low that the insertion of
genetic material nmeeting EPA's criteria into strains of P.
roqueforti will change their behavior so that they would acquire
the potential for causing adverse effects. R sks would be
mtigated by the four criteria placed on the introduced genetic
material, the relative safety of P. roqueforti, and the
inactivation criteria specified for the Tier | exenption. 1In the
case of Tier Il exenption, risks would be mtigated in |ight of
the four criteria placed on introduced genetic material, the
relative safety of P. roqueforti, and EPA's review of the
condi tions sel ect ed.

D. Reci pient McroorganismCriteria

Six criteria were used by EPA to determine eligibility of
reci pient mcroorganisns for the tiered exenption.
M croor gani sms which EPA finds neet these criteria are listed as
eligible recipients. The first criteria would require that it be
possible to clearly identify and classify the m croorgani sm
Avai | abl e genotypi c and phenotypic information should allow the
m croorganismto be assigned w thout confusion to an existing
taxon which is easily recognized. Second, information should be
avai l able to evaluate the relationship of the m croorganismto
any other closely related m croorgani sns which have a potenti al
for adverse effects on human health or the environnment. Third,
there should be a history of commercial use for the
m croorganism Fourth, the commercial uses should indicate that
the m croorgani sm products m ght be subject to TSCA jurisdiction.
Fifth, studies are available which indicate the potential for the
m croorgani smto cause adverse effects on human health and the
environnment. Sixth, studies are avail able which indicate the
survival characteristics of the mcroorganismin the environnent.

After each m croorgani smwas reviewed using the six
evaluation criteria, a decision was nmade as to whether to place
the mcroorganismon the list. The Agency's specific
determ nation for Penicilliumroqueforti is discussed in the next
unit.
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I11. EVALUATION COF PENI Cl LLI UM ROQUEFORTI

A Hi story of Use

1. Hi story of safe commercial use. The chief
i ndustrial use of P. roqueforti is in the production of Roquefort
cheese. Strains of the mcroorganismare al so used to produce
conpounds that can be enployed in such uses as antibiotics,
flavors and fragrances. Wile the fungus has been a constituent
of Roquefort, Stilton and other blue cheeses and has been eaten
by human since about 500 AD, there is evidence to indicate that
nost strains are capable of producing harnful secondary
nmet abol i tes (al kal oi ds and ot her nycot oxi ns) under certain growth
conditions. P. roqueforti is considered a Cass 1 Contai nnent
Agent under the NI H CGuidelines for Research Invol ving Reconbi nant
DNA Mol ecul es.

2. Products subject to TSCA jurisdiction. Wile EPA
has not yet received a submi ssion for a strain of P. roqueforti
sone of the future uses of enzynes derived fromP. roqueforti
coul d be subject to TSCA. P. roqueforti can be used for the
production of proteases and specialty chem cals, such as nethyl
ket ones and 2-heptanone. Oher strains of Penicillium species
could be used in biorenediation. In these cases, the uses of the
organismare likely to be subject to TSCA jurisdiction.

B. | dentification of the Recipient Mcroorgani sm
1. Classification of the nmicroorganism Nunerous
studi es have identified and classified Penicilliumroqueforti at

t he genus, species and strain levels. The genus and species are
considered to be well-defined on the basis of norphol ogi cal
features. Taxonony for the genus Penicilliumis governed mainly
by norphol ogi cal features, sonme of which are dependent on the
medi um used to culture the fungus. Therefore, strictly defined
grow h conditions are required for current taxonony. Sone

t axonom sts have suggested revising the series to which P.
roqueforti belongs, to be based primarily on secondary netabolite
production; however, this division has not yet been generally
accepted. The taxonony of sone industrial strains may be uncl ear
i f they have undergone sone nutagenesis and sel ection and do not
conformto the taxonony characteristics of the natural strains.
However, given the considerable experience with these fungi,
mycol ogi sts can now readily identify an isolate of Penicillium
usi ng standard nedi a.

2. Rel ated taxa of concern. Species closely related
to P. roqueforti, on the basis of norphol ogical characteristics,
have been shown to produce antibiotics against certain strains of
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bacteria. Principal anong these is Penicillium notatum which
produces beta-lactans. However, the beta-lactans do not have
W despread effects on mcroorganisns. There are also a few
reported cases where closely related penicillia, such as P.
chrysogenum have been found in association with infections.

C. Ri sk Summary

1. Studies regarding potential for adverse effects.

The potential for pathogenicity of P. roqueforti even as an
opportuni stic pathogen is |low. However, there is one docunented
case where P. roqueforti was found to cause hypersensitivity in a
wor ker in a blue cheese manufacturing plant. Studies focusing on
the potential adverse effects of P. roqueforti are based on
toxicity of secondary netabolites, ternmed mycotoxins. Many of
the strains of P. roqueforti isolated from conmercial blue
cheeses as well as from noldy grains and nuts have been shown in
the | aboratory to produce nycotoxins. Although there is a |ack
of docunmented cases of human toxicity, studies have shown that in
the | aboratory, industrial strains of P. roqueforti can produce
mycot oxi ns. Sone of the nycotoxins associated with P. roqueforti
have been studied rather extensively but others are so newy
descri bed that they have received very little attention. PR
toxin, the nost potent of the P. roqueforti-associ ated
mycotoxins, is unstable and deteriorates rapidly, so apparently
under normal production conditions does not pose a health effects
probl em Roquefortine, another of the nore toxic nmycotoxins, has
been recovered from blue cheese at | ow | evels; however there have
been no reported adverse effects from consunption of the cheese.

P. roqueforti is not a known pathogen of plants or aninmals.
The penicillia are responsible for the biodeterioration of stored
grains and silage. Roquefortine and PR toxin produced in P.
roqueforti have been inplicated, but not docunented, as the
causal agent in instances of spontaneous bovine abortion and
pl acental retention.

2. Studi es regarding survival in the environnent. P.
roqueforti is saprophytic and is found normally in soil and
decayi ng vegetation. Studies indicate that Penicillium species

are able to utilize a nunber of carbohydrate and nitrogen sources
and can grow over a broad pH (3-8) range.

| V. BENEFI TS SUMVARY

Substantial benefits are associated with this proposed
exenption. Penicilliumroqueforti is already wdely enployed in
general comrercial uses, sone of which are subject to TSCA
reporting. The Agency believes this exenption will result in
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resource savings both to EPA and industry w thout conprom sing
the Il evel of risk managenent afforded by the full 90 day review
In addition to assessing the risk of P. roqueforti, EPA has
devel oped criteria limting the potential for transfer of and
expression of toxin sequences, and the conditions of use
specified in the exenption are net (Tier 1) or will be revi ewed
by EPA to ensure adequate risk reduction (Tier 11). EPA

requi renents for mnimzing nunbers of viable m croorgani sns
emtted are wthin standard operating procedures for the

i ndustry, and both the procedures and the structures specified in
the exenption are the type industry uses to protect their
products from contam nati on

The exenption will result in reduced reporting costs and a
decrease in delay associated with reporting requirenents. The
savings in Agency resources can be directed to review ng
activities and m croorgani sns which present greater uncertainty.
Thi s exenption should also facilitate devel opnent and
manuf acturi ng of new products and the accunul ati on of useful
i nformati on.

V. RECOMVENDATI ON AND RATI ONALE
A, RECOMVENDATI ON

Penicilliumrogueforti is recommended for a TSCA section
5(h)(4) tiered exenption.

B. RATI ONALE

1. Risks fromuse of the recipient mcroorganismP.
roqueforti are low P. roqueforti is generally considered to be
a benign organism but it does raise concerns because of its
ability to produce nycotoxins under certain conditions. Despite
t hese concerns, the organismhas a history of use in the
producti on of blue cheese w thout noted reports of adverse
effects to workers or the environnment. Most strains have not
been docunented to be serious pathogens of hunmans, aninmals, or
pl ants. Cases involving nycotoxin production or allergic
responses by workers exposed to P. roqueforti appear to be
associated wwth a limted nunber of strains. Mycotoxin
production is variable and depends on substrate conposition and
l ength of tinme and conditions of fernentation. Attention to
t hese consi derations contribute to controlling the amunt and
timng of exposure to nycotoxins in the industrial setting.
Furthernore, setting the use of proper safety precautions, good
| aboratory practices, and proper protective clothing, allays
concern for exposure of workers to mycotoxins produced by this
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m croorganism Potential hazards to the public and the
environnment are mtigated by limtations to exposure brought
about by the conditions of contained use which are designed to
[imt release of the mcroorganisns to the environnent.

2. Risks fromuse of reconbinant strains of P.
roqueforti which are eligible for the TSCA section 5(h)(4)
exenption present no unreasonable risk. Taxonony of the
Penicilliumgenus is conplex and dependant on differences in
nor phol ogi cal features. However, as part of their eligibility
for this TSCA section 5(h)(4) exenption, conpanies are required
to certify that they are using P. roqueforti. It is therefore
expected that conpanies will have information in their files
whi ch docunents the correct identification of their strains.
Additionally, it is expected that conpanies will choose well -
characterized industrial strains for further devel opnent through
genetic nodification. These expectations in conbination with the
use of Good Laboratory Practices should ensure the use of the
correct species.

Wi |l e production of certain nycotoxins has been associ at ed
with strains of P. roqueforti, conpani es have been using
naturally occurring strains of P. roqueforti to produce bl ue
cheese for many years without reports of toxic effects on
workers. The limted in size constraints as well as the
restriction on vertebrate toxins inposed on introduced DNA by the
criteria for the section 5(h)(4) exenption should reduce the
I'i kel i hood of increased production or exposure to mycotoxins
potentially produced by P. roqueforti strains.

Because the recipient mcroorganismwas found to have little
potential for adverse effects, introduced genetic materi al
meeting the specified criteria would not likely significantly
i ncrease potential for adverse effects. As further assurance
that risks would be |ow, EPA is specifying procedures for
m ni m zi ng nunbers of organisns emtted fromthe facility for the
Tier | exenption and will be review ng the conditions sel ected
for the Tier Il exenption. Wen bal anced agai nst resource
savings for society and expected product benefits, this exenption
wi |l not present unreasonable risks.
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Attachment 1:

| NTEGRATED RI SK ASSESSMENT FOR

PENI Cl LLI UM ROQUEFORTI

| NTRODUCTI ON
Penicilliumroqueforti is a common saprophytic fungus, that
is widespread in nature and can be isolated fromsoil, decaying

organi ¢ substances and plant parts. The major industrial uses of
this fungus are for the production of blue cheeses, flavoring
agents, antibacterials, polysaccharides, proteases and other
enzynes.

Wil e the fungus has been a constituent of Roquefort,
Stilton and ot her blue cheeses and eaten by humans si nce about
500 AD, there is considerable evidence to indicate that nost
strains are capabl e of producing harnful secondary netabolites
(al kal oi ds and ot her nmycotoxi ns) under certain growh conditions.
(Peberdy, 1985; Sharpell, 1985).

Hi story of Commercial Use and Products Subject to TSCA
Jurisdiction

The chief industrial use of the fungus P. roqueforti, is in
t he production of Roquefort cheese. Strains of the m croorgani sm
are al so used to produce conpounds that can be enpl oyed as
antibiotics, flavors and fragrances (Sharpell, 1985); uses not
regul ated under the Toxic Substance Control Act (TSCA)

The organi smcan al so be used for the production of
prot eases and specialty chem cals, such as nethyl ketones
(Larroche et al, 1989) and 2-heptanone (Larroche and G os, 1989;
Jong and Gantt, 1987). Qher strains of Penicilliumspecies are
al so useful in biodeterioration (Peberdy, 1985). It is possible
t hat because of its ability to survive in a variety of soi
conditions, P. roqueforti could be used for biorenediation
purposes. In these cases the uses of the organismare likely to
be subject to TSCA



1. | DENTI FI CATI ON AND CLASSI FI CATI ON OF THE M CROORGANI SM

Fungi, in general, can be relatively difficult to identify
or classify conpared to other mcrobial groups such as the
bacteria. Fungi are classified by norphol ogical features that
vary with cultural techniques and the experience of the
taxonom st. Reliance on norphol ogi cal characters may not serve
as a dependabl e nodel for identification of closely related
species. Ml ecular nmethods which are currently applied to
bacteri a have not advanced as rapidly with fungi. However,
certain fungal genera, including Penicillium can be classified
with a fair degree of certainty by using standard nedi a.

A. Definition of Penicilliumroqueforti

Since the turn of the century, Thom (1910) and ot hers have
studi ed the genus Penicillium because of the inportance of
these fungi in the fernmentation process of cheesemaki ng. Raper
and Thoni s "Manual of Penicillia" (1949) has been accepted for
decades as the standard descriptive nonograph. Raper and Thom
(1949) placed the cheese-fernenting penicillia in tw separate
series, the P. roqueforti and the P. canenberti series. G ven
t he consi derabl e experience with these fungi, mycol ogists can now

readily identify an isolate of Penicilliumusing standard nedi a
originally described by Raper and Thom (Al exopoul os and M ns,
1979). In practice, closely related strains with identical

m cr onor phol ogy were sonetines consi dered separate species
(Sanmson and Gans, 1984). More recently, a species concept based
primarily on norphol ogi cal characters of conidi ophores and
conidia for P. roqueforti was adopted by Sanson et al. (1977).

B. Taxononi ¢ Characterization

P. roqueforti is traditionally identified by this organisms
nor phol ogi cal characteristics and col ony norphol ogy when grown on
specific gromh nedia. Raper et al., (1968) describe
col oni es on Czapek's nedium as broadly spreading, 5.0 to 6.0 cm
in 10-12 days at roomtenperature, heavily sporing, velvety with
surface fairly snooth or plane with broad, white, thin margin,
cobwebby with hyphae radiating partly on the surface and partly
just below the surface of the nedium G een conidial areas
foll ow the hyphae in unevenly radiating lines. At margins, white
shades into blue-green and various ot her shades of green.

Reverse side is shades of green to bluish green, to al nost bl ack.

Mor phol ogy of the organismitself is based on features of
t he brush-shaped fruiting head; size, shape and nunber of
coni dia; size and nunber of sterigmata; whether there is
branchi ng; | ength and surface markings of the conidi ophore;
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overall dinensions; and |ike characters. Thus, exam nation of
bot h col ony norphol ogy and m croscopy wet nounts i S necessary.
Wi | e appearance nay vary according to the medi um on which
cultures are grown, characteristics remain quite stable when
subcul tured on the sanme nedi um

Nunmer ous studies have identified and classified P.
roqueforti at the genus, species and strain |evels. The genus and
species of P. roqueforti are considered to be well defined on the
basi s of norphol ogi cal features. The predom nant characteristics
are the production of asexual spores in phialides with a
di stinctive brush-shaped configuration (Raper et al. 1944; Raper,
1957; Sanmson and Gans 1984).

Si nce Raper and Thomis work (1949), nore than 70 additi onal
speci es have been described for the genus Penicillium Even
t oday, the taxonony is still governed mainly by norphol ogi cal
features. As these properties are relatively unstable under
nmut agenesi s and selection, or long-termartificial culturing, the
current taxonony of some industrial strains may be difficult to
ascertain.

Al t hough the taxonony of this group is related to a
constancy of norphol ogi cal features such as size and norphol ogy
of individual conidia, phialide shape and col ony col or (Raper and
Thom 1949; Pitt, 1979) sone of these characteristics are
dependent to an extent on the nmediumused to culture the fungus.
Therefore, strictly defined growh conditions are required for
the current taxonomy. |Inprovenents in the taxonony based on
exam ni ng addi ti onal features such as physiol ogi cal characters,
DNA/ DNA hybri di zation, ribosonmal RNA sequences and the production
of unique arrays of secondary netabolites are evol ving, but not
yet systemati zed (Sanson and Gans, 1984).

Many of these Penicillium species either do not possess a
sexual state (teleonorph) or it is rarely found and assuned to
play a very mnor part in their genetics in nature. According to
Pet erson (1990), no sexual state has ever been described for
P. roqueforti. Fungi w thout sexual forns are placed in a
taxonom ¢ grouping called the fungi inperfecti (ananorph). At
the present time P. roqueforti is in the fungi inperfecti
groupi ng. Even though P. roqueforti has no reported sexual
stage, it has been placed in the sanme taxonom c section with
ot her inperfect penicillia that have been linked to the
asconycete tel eonorph Eupenicillium (Peterson, 1990).
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C. Rel ated Species of Concern

For the reasons noted above with classification and
identification of penicillia, it is frequently difficult to
di scrim nate between closely rel ated species. However, closely
rel ated species of this genus, based on norphol ogi cal
characteristics, produce antimcrobial chemcals (antibiotics)
whi ch can stop the growth of, or kill specific strains of
bacteria. Principal anong these is P. notatum which produces
beta-lactans. However, these chem cals do not have w de spread
effects on mcroorganisns. As discussed below, there are limted
cases in which closely related penicillia are found in
association with infections.

[11. HAZARD ASSESSMENT
A. Human Heal th Hazar ds

Al t hough the pathogenic potential of P. roqueforti is very
| ow, even for an opportunistic pathogen, this fungus does on rare
occasi ons cause hypersensitivity. There is only one docunented
report of infection in humans caused by P. roqueforti (Dynanac,
1991). Canpbell et al. (1983) described a patient who worked in
a plant where bl ue cheese was manufactured by use of P.
roqueforti. This patient devel oped a cough, dyspnea, nal ai se,
reduced | ung volunme and bi basal ar crackles. A chest
roent genogram reveal ed bilateral infiltrates. Bronchoal veol ar
| avage fluid contained many | ynphocytes and anti bodi es agai nst P.

roqueforti. Such antibodies were also present in the patient's
serum

There are limted cases in which closely related penicillia
are found in association with infections. Peberdy (1985) in
di scussing the possibility of penicillia adopting the role of

opportuni stic pathogens in humans, nentions the report of Eschete
et al. (1981) describing a case of P. chrysogenum as the cause of
endopt hal m s

1. Toxi ns produced by Penicilliumroqueforti and
their toxicity

Many of the strains of P. roqueforti isolated from
commerci al blue cheeses as well as fromnoldy grains and nuts
have been shown in the |aboratory to produce nycotoxins (Jong and
Gantt, 1987). These mycot oxins include isofum gaclavin C,
penicillic acid, PR toxin, patulin, botryodi ploidin and
roquefortine. The effects noted wth ingestion of these
mycot oxi ns are nutagenesi s and tunorigenesis as well as extensive
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liver, kidney and nerve damage. Although there is a |ack of
docunent ed cases of human toxicity, studies have shown that in
the | aboratory industrial strains of P. roqueforti can produce
mycot oxi ns (Betina, 1989; Wi et al., 1985). However, the
endpoints that are noted and the doses at which the effects are
observed frequently are based on LD50 and omt references to No
bservabl e Effect Level (NCEL) dosages. Finally, there is no
assurance that the bel ow noted data were derived from studies

t hat enpl oyed Good Laboratory Principles.

Two of the toxins, roquefortine and PR toxin have vertebrate
LD50 val ues of about 10 ny/kg intraperitoneal (CRC Handbook of
M crobi ol ogy, 1987). This level of toxicity has routinely been
considered "highly toxic" in EPA s eval uation of premanufacture
notices (PMNs) on new chem cals. However, production of these
toxins is related to the conposition of the growh substrate and
usual ly occurs in stationary phase cultures. Wile not
universally true, nycotoxins are generally produced on high
carbon/nitrogen solid substrates (C egler and Kurtzmann, 1970;
Scott, 1984). The level of toxin production for specific cultures
is variable but for research purposes can be induced to be as
high as 1 ng/liter (Hohn, 1990).

Scott (1981) summari zed these toxins and their synonyms, as
wel |l as their possible presence in blue cheese.

a. Roquef orti ne

Roquefortine is an indole nycotoxin. It is produced by P.
roqueforti and some other Penicillium species, nanely P. notatum

P. oxalicum P. communi, P. corynbiferum P. expansium and

P. urticae (Scott, 1984). Roquefortine has been assigned the
structure 10b- (1, 1-di net hyl - 2- propenyl ) - 3-i m dazol - 4-yl net hyl ene-
5a, 10b, 11, 11a-t et rahydr o- 2H pyr azi no-

[1',2":1,5] pyrrol [2,3,b]indole-1,4-(3H, 6H)-dione. (Scott and
Kennedy, 1976). It is identical to roquefortine C.

Ueno and Ueno (1978) reported an intraperitoneal (IP) LD50
for roquefortine of 15-20 ng/kg in rats. Arnold et al. (1987)
reported that roquefortine causes convul sive seizures when
adm nistered to mce IP in doses of 50-100 ng/ kg (Scott et al.
1976). They reported LD50 of 169 ng/kg in male and 184 ng/kg in
femal e CR57 mce and 189 ng/kg in male and 184 ng/kg in female
Swi ss-Webster mce. Neurologic properties reported by Scott et
al ., 1976, were not seen in the Arnold et al. (1987) study.
However, Wagener et al. (1980) reported paralytic activity in
day-ol d cockerels incubated wth roquefortine.
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Roquefortine was found to occur primarily in the nycelium of

surface grown cultures of P. roqueforti. Independently, Scott et
al. (1976) found roquefortine in yeast extract sucrose-grown
mycelium of P. roqueforti. Low concentrations of roquefortine C

were found in roquefort-type blue cheese by Chnono (1975), but
exact concentrations were not reported. Scott and Kennedy (1976)
found concentrations of roquefortine up to 6.8 ng/kg in sanples
of market blue cheese they exam ned. Ware et al. (1980) reported
average levels of 0.42 pg/g of roquefortine in 12 sanpl es of

bl ue cheese and of 0.045 pg/g in tw sanples of blue cheese

dressing. In fact, roquefortine seens to be produced by nost
strains of P. roqueforti isolated from blue cheese or used as
cheese starters (Scott et al., 1977). A small percentage of

strains recovered fromneat al so produce roquefortine (Leistner
and Eckardt, 1979).

Schoch et al. (1984) conducted nutagenicity studies by the
Ames test on six strains of P. roqueforti used comrercially for
t he production of nold-ripened cheese. They al so checked the six
strains for roquefortine production and for nutagenic activity of
the roquefortine. Neither the fungus or roquefortine showed any
mut ageni c activity by the Anes test (Schoch et al., 1983). Frank
et al. (1977) fed 2.5 nL of a suspension of P. roqueforti and the
cheese produced by the P. roqueforti once weekly to rats by
gavage over their |ifespan. They al so gave subcut aneous
i njections of these suspensions once weekly subcutaneously for 52
weeks. There was no evidence of a possible carcinogenic effect.

Kough (1991) quotes the CRC Handbook of M crobiol ogy, 1987,
as show ng roquefortine having an LD50 val ue of about 10 ng/kg
whi ch woul d place it anong those substances considered "highly
toxic" in the EPA s evaluation of chem cals under TSCA. An oral
LD50 for roquefortine was not available. Frank et al. (1977) fed
both a suspension of P. roqueforti and the cheese produced by the
P. roqueforti torats with no ill effect. They also gave these
suspensi ons by subcutaneous injection without effect. However,
the strains with which they worked had not been tested for toxin

production. Scott (1981) believes "...no potential acute human
heal th hazard can be extrapol ated fromthe anmounts of
roquefortine present in blue cheese.” However, until nore is

known about roquefortine, the anpbunts produced during comerci al
handling and its stability, it cannot be considered to be w thout
sone potential hazard to human and/or ani mal health.

b. PR Toxin and Erenofortines (and Derivatives)

PR toxin (7-acetoxy-5, 6-epoxy-3,5,6, 7,8, 8a-hexahydr o-
3',8,8a-trinethyl -3-oxaspi ro[ napht hal ene-2( 1H, 2' oxi rane] - 3' -
car boxal dehyde) (Arnold et al., 1987) is one of the nost acutely
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toxic netabolites known to be fornmed by P. roqueforti (Scott,
1981). It is consistently detected, and frequently found in blue
cheese (Lei stner and Eckardt, 1979; Oth, 1976; Pol onsky et al.
1980; Wei and Lui, 1985; Wei et al., 1976; Wi et al., 1973).

Wei et al. (1973) isolated and partially characterized PR toxin
froma strain of P. roqueforti recovered fromtoxic noldy feeds
(later swtching to an NRRL strain that proved to be a high
producer). Foll ow ng chromat ography, the toxin could be detected
by fluorescence under W light. The nedian | ethal dose of pure
PRtoxin IPin weanling rats was 11 ng/kg. The oral nedian

| et hal dose was 115 ng/kg. Wthin 10 m nutes of an oral dose of
about 10 ng (160 ngy/ kg) ani mal s experienced breathing
difficulties which persisted to death (Wi et al., 1973). Oal
doses above about 130 to 160 ng/ kg body weight were fatal to 60-g
rats in 36 hours or less. Goss pathology consisted of swollen,
gas-filled stomach and intestines, while histol ogical changes

i ncl uded congestion and edena of |ung, brains and kidney with
degenerative changes in liver and kidney and henorrhage in the

ki dney as wel | .

Chen et al. (1982) studied the toxic effects of PRtoxin in
mce, rats, anesthetized cats and preparations of isolated rat
auricle. Toxic effects in mce and rats included abdom nal
writhing, decrease of notor activity and respiration rate,
weakness of the hind leg and ataxia. Intraperitoneal LD50 in
mce was 5.8 ng/kg. Mce, rats and cats injected |IP devel oped
ascites fluid and edema of the lungs and scrotuny |V injections
caused edenma of the lung and | arge vol unes of pleural and
pericardial fluids. LD50 in rats was 11.6 ng/kg I P and 8.2 ng/ kg
V. Although arrhythm as occurred in the |ate shock stage, the
contractile force of the isolated rat auricle was nore affected
than the heart rate. The investigators concluded that PR toxin
produced acute toxic effects in animals via an increase of
capillary perneability and direct damage to lungs, heart, liver,
and ki dneys.

Feeding nmai ze silage infected with P. roqueforti to 112
dairy cows resulted in |loss of appetite, cessation of runen
activity and gut inflammation (Vesely et al., 1981). First
cal ves aborted in the 7th and 8th nonths. Sterile maize silage
inoculated with P. roqueforti and incubated at 20EC produced up
to 160 ng/ kg PR toxin. Maxi mum production of 900 ng PR toxin/L
occurred in liquid nmediumat 13EC after 50 days. A dose of 0.01
m crogranms of PR toxin was extrenely toxic to 40-h-old chicken
enbryos.

After 10-15 mnutes, all weanling rats injected IPwth 1.5
nmg PR toxin devel oped breathing problens, notor incoordination
and flaccid paralysis, particularly in the back | egs (Polonelli
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et al., 1978). Death ensued in 2-4 hours. Hi stological tests
showed turbid swelling of hepatocyte cytoplasm |Intraperitoneal
LD50 was 14.5 ng/ kg body weight. Rats administered 0.5 ng PR
toxin orally procapite/prodic for two nonths showed no visible
effect. The intent to continue oral feedings was nentioned by
Polonelli et al. (1978), but a review of the literature did not
reveal published results. Mitagenicity of PR Toxin (1978) was
denonstrated by Nagao et al. (1976) and Ueno et al. (1978) by the
Salnonella typhimuriumtest and by Wei et al. (1979) by testing
w th Saccharonyces cerevisiae and Neurospora crassa.

Polonelli et al. (1982) carried out prelimnary studies on
possi bl e carcinogenic effects of PRtoxin in rats. They reported
that 2 of 10 albino rats fed PR toxin devel oped tunors, i.e., one

squanous cell epitheliom and one uterine sarcoma within 449 and
551 days, respectively. The control group devel oped one
adenocarci noma after a |onger tinme span of 931 days.

Pol onell'i et al. (1978) also studied the conditions under
which PR toxin is formed. They found PR toxin is produced only
in stationary cultures, beginning on the 9th day of incubation,
and increasing up to the 35th day, at which tinme it begins to
decrease and di sappears on approxinmately the 120th day. It is
found only in the mediumin which it is grown and within the pH
range of 4.5-9.0. Toxigenesis occurred within the tenperature
range of 10E-30EC with the opti numtenperature at 24eC. Toxin
production was dependent upon the anmount of sucrose in the
medi um and began at 5% sucrose and reached a maxi mum at 15% No
PR toxin was fornmed under m croaerophilic conditions. The
aut hors specul ate that m croaerophilic conditions prevail in nost
cheeses, which could explain why PR toxin is not generally found
in them However, Arnold et al. (1987) pointed out that PR toxin
reacts with ammoni a and free am no acids present in high
concentrations in blue cheese. PR imne and reaction products
formed by mxing PR toxin with L-al pha-al anine or L-|eucine were
tested for toxicity. The acute toxicities of the PR derivatives
were considerably |lower than that of the parent conpound. Scott
and Kanhere (1979) noted sim|ar phenonena. They concl ude that
both PR toxin and PR im ne are unstable in blue cheese and
believe that the agents responsible for destruction of PR toxin
formed during ripening of the blue cheese are nost |ikely am no
conpounds. However, they felt that nore definitive experinents
woul d be needed to assess any possible | atent toxicol ogical
hazard from PR toxin, taking into account the cheese as a whol e.

PR toxin enters into reactions involving its al dehyde
function to formcross-1links between DNA and protein (Mule et
al., 1980). It also inhibits in vitro transcriptional capacity
of nuclei isolated fromthe liver of nale Wstar rats when the
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conpound is admnistered in vivo. The toxin inhibited both the
RNA pol ynerase systens responsible for ribosomal RNA synthesis
and heterogenous nuclear RNA synthesis (Muule et al., 1976). Lee
et al. (1984) found that PR toxin inhibited the in vitro
activities of rat liver DNA polynerases al pha, beta and gamm, as
well. Hsieh et al. (1986) studied the effect of PRtoxin in the
m t ochondri al HCO3- ATPase of the rat brain, heart and ki dney.
They concluded that of the three tissues tested, HCO3- ATPase of
the heart mitochondria was nost sensitive to PR toxin and that

t he HCO3- ATPase was inhibited in a nonconpetitive, irreversible
manner .

Dire et al. (1978) reported that P. roqueforti netabolites
erenofortin A, erenofortin B, erenofortin C and erenofortin D, at
10 nmg/ mL had no effect on the ciliate protozoan C. canpyl um that
they were using to detect toxicity. Mreau (1980) clai ned that
neither PR toxin or other derivatives of erenophilane, i.e.,
erenofortines, are found in cheese because of their instability.
This was corroborated by Sieber (1978) who reported that PR toxin
was isolated fromP. roqueforti strains incubated on speci al
medi a and also fromP. roqueforti strains used for cheese
manuf acture. However, he found cheese ripening conditions did
not favor production of the toxin.

c. |sofunigaclavine A and B

| sof um gacl avine A is another al kal oid produced by P.
roqueforti. This toxin and the product of its hydrolysis,
i sofum gacl avine B, are identical wth roquefortines A and B
respectively. These toxins were reported by Chnono and co-
wor kers (1975, 1977) and by Kozl ovskii (1979). Scott et
al. (1977) reported yields of isofumgaclavine A determ ned over
7 to 35 days to be consistently low. These investigators tested
P. roqueforti in 200 nL nedia for isofum gaclavine A production
after 18 days incubation at 25eC. One strain of P. roqueforti
di d not produce detectable amunts of isofum gaclavine Ain
either the mycelia or the nmedia. A second strain produced 0.5
and 0.1 ng in the nyceliumand nedium respectively, in Mediuml
and 1.0 and 0.1 ng in myceliumand nmedi um respectively, in
Medium1l1l; a third nmediumdid not produce detectable |evels.
However, when cultures were grown at 15EC i nstead of 25EC, 2
mg/ mycel i al mat of isofum gacl avine A formed, about three tines
that fornmed at 25eC. No isofum gaclavine A was detected in the
medium 0.06 ng is the limt of detection. 1In fact,
i sof um gacl avine A yields exceeded those of roquefortine in
several commercial blue cheese sanples (Scott and Kennedy, 1976).

It is of interest that blue cheese is generally ripened by
storage at 9E-12EC for three nonths. Scott and Kennedy (1976)
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found roquefortine in 16 of 16 sanples of cheese from seven
countries; isofum gaclavine A (nean 0.61 mcrogram g) and traces
of isofum gaclavine B were al so usually present.

d. Di hydr or oquef orti ne, Festucl avi ne and
Mar cfortine A (Al kal oi ds)

Sone al kal oi ds produced by P. roqueforti are believed to
serve as internediates in the production of other alkal oids.
D hydroroquefortine, also known as roquefortine D, is described
by Scott (1981) as "one of the two stereoisoneric 12, 13-
di hydroroquefortines.”" Roquefortine D is probably a precursor of
roquefortine C (GChnono et al., 1975, 1977; Kozl ovskii et al.
1979). Kozl ovskii et al. (1979) reported isolating
3,12-di hydroroquefortine, a derivative of roquefortine.
Festuclavine is a clavine alkaloid toxin produced by P.
roqueforti. It was isolated and identified by Kozl ovskii et al.
(1979). Marcfortine Ais a novel alkaloid, also obtained fromP.
roqueforti (Polonsky et al., 1980). Toxicol ogical data on these
chemcals is limted.

e. Mycophenolic Acid

Mycophenolic acid is a netabolite reported to be produced by
all strains of P. roqueforti tested and by a few ot her species of

penicillia (La Font et al., 1979). It has antibiotic activity

agai nst bacteria and dermatophytic fungi and also interferes with
viral multiplication (Planterose, 1969). It has been used in the
treatment of psoriasis (Marinari et al., 1977). The toxicity for

manmal s appears to be low LD50 in rats is 2,500 ng/ kg and 500
nmg/ kg 1V, in mce the LD50 is 700 ng/ kg and 450 ng/kg IV (W1 son,
1971). Chronicity tests of daily oral doses of 80 and 320 ny/ kg
for one year did not cause apparent signs of toxicity in rabbits
(Adanms et al., 1975). However, rats given daily oral doses of 30
ng/ kg died within 9 weeks and rhesus nonkeys receiving 150 ng/ kg
dai |l y devel oped abdom nal colic, bloody diarrhea, weight |Ioss and
anem a after two weeks (Carter et al., 1969). Thirty-five human
patients who received high oral doses of mycophenolic acid (2.4 g
to 7.2 g daily) for 52-104 weeks had sone adverse reactions,

i ncludi ng cranps, nausea and diarrhea (Marinari et al., 1977).
Scott (1981) reported that Uneda et al. (1977) induced nutations
and chronosone aberrations in a nouse manmary carci noma cell |ine

w th mycophenolic acid, but the conpound was not mnutagenic in

Sal nonel la systens (Nagao et al., 1976; Wbner et al., 1978). La
Font et al. (1979) checked 16 strains of P. roqueforti for
mycophenolic acid using four nmedia to test production, thin-I|ayer
chromat ography for assays and chi cken enbryos for toxicity tests.
Al'l strains produced mycophenolic acid, sonme on the order of 0.8
to 4 ng/g of dry culture. Geatest yields were obtained after 10
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days of incubation at 15eC. La Font et al. (1979) nention
studi es (unpublished) using fluorodensitonetric assays for
mycophenolic acid in nmarketed bl ue-nold cheeses; 38% of studied
sanpl es were positive with 3% of the cheeses having | evel s of
mycophenolic acid higher than 10 ng/kg. Strain differences in
the P. roqueforti as to the anount of nycophenolic acid produced
wer e not ed.

Engel et al. (1982) did not find that all strains of P.
roqueforti produced nycophenolic acid. They found that out of 80
strains, 20 were able to produce up to 600 ng in 2% yeast
extract-5% sucrose broth. Sixty-two of the strains had been
recovered fromstarter cultures of blue-veined cheeses from
western Europe. Only seven of these 62 produced nycophenolic
acid. Al of the producer strains canme from an individual; and
in the market, cheeses with nycophenolic acid as high as 5 ng/ kg
of nycophenolic acid were only found in sanples fromthis sane
factory. Toxicity tests in this study were perforned with
Detroit 98 and Grardi Heart human cell |lines and one established
pig kidney cell line (AmlIl). Schoch et al. (1983) did not
detect any nycophenolic acid in the six strains of P. roqueforti
they cultivated on sem -synthetic nedi um

The oral LD50 of 700 ng/kg in mce placed nycophenolic acid
in EPA's noderately toxic category.

f. Patulin, Penicillic Acid and Ctrinin

Al t hough there have been surveys in cheeses for the toxic
met abolites patulin, penicillic acid and citrinin; they have not
been found. Nonethel ess, they are known netabolites of P.
roqueforti. divigni and Bullerman (1978) reported the
production of patulin and penicillic acid by an atypi cal
P. roqueforti isolated fromcheddar cheese. The culture
extracts were toxic to Bacillus negaterium and chicken enbryos.
Commercial strains of P. roqueforti used to produce blue cheeses
were not shown to produce these netabolites. Mubasher et al.
(1978) found penicillic acid in two of six strains of P.
roqueforti recovered from blue cheese, and Lei stner and Eckar dt
(1979) in one of 80 strains isolated fromfood and grains. Scott
(1981) reviewed other recoveries of penicillic acid: Karow et
al. (1944) obtained it fromP. suavolens (synonymfor P.
roqueforti) and Sansen et al. (1977) fromfernented cheese.
Seven isolates of P. roqueforti isolated fromnoldy grapes al
produced patulin after 9 days at 25EC in yeast extract-2%
sucrose-15% nedi um  Amounts varied from 20-1267 m crograns/5 nL
cultures. Six cheese isolates produced no patulin under these
conditions. One isolate fromfresh grapes produced patulin. One
i solate from nmeat produced both patulin and the nephrotoxin
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citrinin; the other two isolates produced patulin only (Scott,
1977).

The avail abl e toxi col ogi cal data on these chemcals is
[imted. Scott (1977), fromresults of subcutaneous injections
of rodents, reported that these two chem cals may have
carcinogenic capabilities, but a long-termoral feeding of rats
gave no such indication (GCsswald et al., 1978).

It is apparent that patulin and penicillic acid are not
frequently fornmed by P. roqueforti (though they may be nore
comon in noldy cheese that perhaps has been stored too |ong).
They are al so unstable in cheese (Lieu and Bull erman, 1977).
This all suggests that the health hazards posed by these two
subst ances are slight.

Stability of citrinin is uncertain in noist grains
(Mntzlaff and Machni k, 1972). Little work appears to have been
done with this toxin, perhaps because it has not been anong the
nmetabolites that P. roqueforti produces in cheese.

d. Bot r vodi pl odi n

Bot ryodi pl odi n has been reported as a mycotoxi n synt hesi zed
by P. roqueforti. Mulé et al. (1981) reported that this toxin
inhibited cell multiplication in growing cell cultures at
concentrations w thout effect on cultures nearing or at
confluence. In the growing culture the toxin affected DNA, RNA
and protein synthesis. Mulé et al. (1982) further showed that
bot ryodi pl odi n i nduces DNA-protein cross-links in rat hepatom
cells and hanster lung fibroblasts. Botryodiplodin was not anong
t he nycotoxins detected in the six P. roqueforti strains isolated
fromnol d-ri pened cheese (Schoch et al., 1983).

h. Siderophores, Betaines and "OQher" Toxins

Scott (1981) summari zes the other possible toxic netabolites
produced by P. roqueforti as: ferrichrone, which was found in
cheese together with an unknown negatively charged siderophore,
whi ch had 5-10 m crogranf g si derophore activity (it is specul ated
t hat siderophores in food may conplex iron, making it unavail able
for bodily use); coprogen which is not found in cheese, and about
which little appears to be known; water-sol ubl e betai nes,
er got hi onei ne and hercyni ne, also about which little is known;
toxins "1, 2, and 3", the last two of which had weak acute
toxicity for mce. Scott (1981) states that there are reports of
toxigenic P. roqueforti strains recovered fromchestnuts, pecans
and neat products.
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i. Conbi ned Effects of Toxins

No reports were found that deal with possible conbined toxin
effects as they m ght occur in a product.

i.  Sunmmary

Health effect concerns for this organismlie with its
production of a variety of nycotoxins, sone of which have been
studi ed rather extensively and sonme of which are so newWy
descri bed that they have received very little attention. Sone of
t hese nycot oxi ns have been shown to be produced by P. roqueforti
strains used for cheese production and sone have been detected in
smal | amounts in the cheese itself. PR toxin and roquefortine
appear to be the nost toxic of the nycotoxins produced by P.
roqueforti. PR toxin, one of the nost potent nycotoxins, is
unstabl e and deteriorates rapidly, so apparently under nornma
production conditions does not pose a health effects problem
Roquefortine has been recovered from blue cheese at |ow |l evels
and there have been no reported adverse effects from consunption
of the cheese.

The conposition of nediumused to nake cheese and the | ength
of time and conditions of the fernmentation lead to highly
variable results with respect to the conposition and anounts of
mycot oxi ns produced. In general, nycotoxins are produced in
media wwth a high carbon to nitrogen ratio. The production of
mycotoxins in TSCA-rel ated usage is less likely as the production
of specialty chemcals is expected to occur over significantly
shorter tinmeframes conpared with the fernentati on of cheese.

Under these conditions the production of mycotoxins during
fermentation for specialty chemicals is anticipated to occur at
| ower levels, if at all, conpared with the production of cheese.

B. Envi ronnment al Hazards

1. Pl ant and Agricul ture Hazards

P. roqueforti is not a known pathogen of plants.
Penicillium species are known to cause the deterioration of
stored agricultural products. The species P. expansum
P. digitatumand P. italicumare responsible for significant
| osses of stored citrus, apples and pears (Peberdy, 1985). Al
but 3 of the strains of P. roqueforti listed for distribution by
the ATCC require a USDA permt due to their ability to degrade
seeds and pl ant products (Singh, 1990). However, there are no
known published reports which docunent P. roqueforti as infecting
pl ants.
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2. Aninal Hazards

P. roqueforti is not a known pathogen of ani mals.
Penicillia are saprophytes that play an inportant role in cycling
organi c substrates. The penicillia are also responsible for the
bi odeterioration of stored grains and silage. Many fungal
species including P. roqueforti, have been shown to be capabl e of
producing toxins in stored grain and silage. PR toxin and
roquefortine produced in P. roqueforti nolded feed grain have
been i nplicated, but not docunented as the causal agent in
i nstances of spontaneous bovi ne abortion and placental retention
(Wei et al., 1973; Mreau and Mss, 1979; Haggbl om 1990) as
other toxin producing fungal strains were present. There are no
known published reports which docunent P. roqueforti as infecting
animals. Indeed there are few known reports of any Penicillium
speci es causing infection in an ani nmal.

V. EXPOSURE ASSESSMENT
A Wor ker Exposure

P. roqueforti is considered a Cass 1 Containnment Agent
under the National Institute of Health (NIH) Cuidelines for
Research I nvol vi ng Reconbi nant DNA Ml ecul es (U. S. Departnent of
Heal th and Human Servi ces, 1986).

No data were available for assessing the rel ease and
survival specifically for fernentation facilities using P.
roqueforti. Therefore, the potential worker exposures and
routine releases to the environnent froml arge-scal e,
conventional fernentation processes were estimated on i nformation
avai |l abl e from ei ght premanufacture notices submtted to EPA
under TSCA Section 5 and from published infornmation collected
from non-engi neered m croorganisns (Reilly, 1991). These val ues
are based on reasonabl e worst-case scenarios and typical ranges
or values are given for conparison

During fernmentation processes, worker exposure is possible
during | aboratory pipetting, inoculation, sanpling, harvesting,
extraction, processing and decontam nati on procedures. A typical
site enploys |l ess than 10 workers/shift and operates 24 hours/day
t hroughout the year. N OSH has conducted wal k-t hrough surveys of
several fernentation facilities in the enzyne industry and
monitored for mcrobial air contam nation. These particul ar
facilities were not using reconbi nant m croorgani snms, but the
processes were considered typical of fernentation process
technol ogy. Area sanples were taken in |ocations where the
potential for worker exposure was considered to be potentially
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greatest, ie. near the fernentor, the seed fernentor, sanpling
ports, and separation processes (either filter press or rotary
drumfilter). The workers with the highest potential average
exposures at the three facilities visited were those involved in
air sanpling. Area sanples near the sanpling port reveal ed
average airborne concentrations ranging from350 to 648 cfu/nt.
Typically, the Chem cal Engi neering Branch would not use area
monitoring data to estimate occupati onal exposure |evels since
the correlation between area concentrati ons and worker exposure
is highly uncertain. Personal sanpling data are not avail abl e at
the present tine. Thus, area sanpling data have been the only
means of assessing exposures for previous PM bi ot echnol ogy

subm ssions. Assum ng that 20 sanples per day are drawn and t hat
each sanple takes up to 5 mnutes to collect, the duration of
exposure for a single worker will be about 1.5 hours/day.
Assumi ng that the concentration of mcroorganisns in the worker's
breat hi ng zone is equivalent to the levels found in the area
sanpling, the worst-case daily inhal ati on exposure is estimted
to range up to 650 to 1200 cfu/day. The uncertainty associ ated
with this estinmated exposure value is not known (Reilly, 1991).

B. Envi ronmental and General Exposure

1. Fate of the Organi sm

P. roqueforti is saprophytic and is found normally in soi
and decayi ng vegetation. Reproduction is asexual and invol ves
the production of conidia. The genus is aerobic, but the oxygen
requi renents needed for growt h have not been determ ned.
Penicillium species are able to utilize a nunber of carbohydrate
and nitrogen sources and can grow over a broad pH (3-8) range
(Peberdy, 1985). These properties nmake it likely that any
rel eased P. roqueforti strains would survive in the environnent.
It has been reported that Penicillium species degradi ng decayi ng
vegetation release nutrients that favor growh of mycobacteria by
selectively inhibiting mcrobial antagonists (Henis, 1987).

2. Rel eases

Esti mates of the nunber of P. roqueforti organisns rel eased
per production batch are tabulated in Table 1. The mnimally
control |l ed scenario assunes no treatnment of the fernmentor off-gas
and assunes 100-fold (2 log) reduction of the naxi mum cel
density of the fernmentation broth resulting frominactivation
(Reilly, 1991). The containnment criteria required for the ful
exenption scenari o assune the use of in-line filters to treat
vent gases and a 99% renoval efficiency under normal operating
conditions. They also assune an overall 6-1og reduction relative
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to the maxi mum cell density of the fernmentation broth resulting
frominactivation steps (Reilly, 1991).

TABLE 1. Estimated Nunber of Viable Penicilliumroqgueforti
Organi sns Per Production Batch

Mnimally Ful
Rel ease Medi a Controll ed Exenpti on Rel ease
(cfu/ day) (cfu/day) (days/ year)
Air Vents 2x108 - 1x10% 2x10° - 1x10° 350
Rotary Drum Filter 250 250 350
Surface Water 7x10%2 7x108 90
Soi | / Landfil | 7x10% 7x10%° 90

Source: Reilly, 1991
3. Al r

VWiile there is no specific information on the survival of P.
roqueforti in the atnosphere, the organism s saprophytic nature
and ability to form spores suggests that survival rates would be
very good. Environnental exposure would occur as the organi sns
drift to earth and take up residence in the soil. Human exposure
is expected to be |low, since the nunbers of organi sns rel eased
woul d be quickly diluted in the atnosphere (LaVeck, 1991).

4. Wat er

P. roqueforti released to water woul d be expected to survive
publicly owned treatnment works (POTW treatnent and di scharge.
Surface water concentrations of organisns were estinmated using
the 10% and 50% fl ow val ues for SIC Code 283 (drugs, nedicinal
chem cal s, and pharnaceuticals) that release to surface water
The SIC code flow was estimated using 128 indirect (facilities
that send their waste to a POTW and direct (facilities that have
an NPDES permt to discharge to surface water) dischargers.

D scharger data were extracted fromthe IFD (I ndustri al
Facilities Dischargers) database and surface water flow data were
taken fromthe RXGAGE dat abase, maintained by the EPA. These
data, which were partitioned into percentile rankings and fl ows
for the 10th percentile (small river) and 50th (average river),
were extracted and used for the exposure calculations. Flowis
expressed in MIlions of Liters/Day (M.D). Mean Flow is the
average flow value, and 7QL0 flowis the | owest flow observed
over 7 consecutive days during a 10 year period. Concentrations
of m croorganisns in surface water are cal cul ated for both the
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mnimally controlled and the full exenption scenarios (LaVeck,
1991).

TABLE 2. Penicilliumroqueforti Concentrations in Surface Water
Recei vi ng
Fl ow St ream Fl ow Organi sns
(M.D*) (cfu/l)
Mean Q710 Mean Q710

Mnimally Controlled

10t h Percentile 159 4.57 4. 4x104 1.53x10°

50th Percentile 768 68. 13 9.11x10° 1.03x10°
Ful | Exenption

10th Percentile 159 4.57 4. 4x10° 1.53x10°

50th Percentile 768 68. 13 9.11x10°* 1.03x10*

*MD = mllion liters per day
Sour ce: LaVeck, 1991

w

Since soil is a natural habitat for P. roqueforti, long term
survival is expected. The discharge area should becone
established wth the rel eased organi sns. These rel eases coul d
result in human and environnental exposure. P. roqueforti that
is landfilled would not survive as well, since the anaerobic
conditions in landfills could result in cell death. |If the
organi sns were spread out over the surface of the soil, then
survival would be enhanced. |[|f any P. roqueforti becane
established in decaying vegetation, growh of mycobacteria could
be enhanced (LaVeck, 1991).

V. | NTEGRATI ON OF RI SK
A. Di scussi on

1. Characterization of the O ganism

P. roqueforti is a ubiquitous, saprophytic fungus frequently
found on deconposing organic material. As with all fungi the
conventional neans of identification is based on norphol ogi cal
characteristics. This is in contrast to bacterial systematics,
which rely on biochem cal tests that produce qualitative
responses and standardi ze the identification of the organism
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G ven the long history of use of P. roqueforti in mcrobia
fermentations, the typical source of strains for industrial uses
t oday woul d be standard culture coll ections.

P. roqueforti is principally used in the production of
cheeses, a non-TSCA application. TSCA applications include the
production of enzynes and specialty chem cals through
fermentati on processes. Also, there is the possible application
of P. roqueforti for biorenmediation processes. The utility of
this organismfor mcrobial fernmentation uses is well
est abl i shed.

2. Risks to Humans

P. roqueforti is a benign, nonpathogenic organism Anong
the literature reviewed for this assessnent, there has been only
one reported case of pathogenicity. There are anecdotal reports
of abortion in cattle brought about by the consunption of feed
contam nated wwth P. roqueforti, although the correlation with
di sease is not strong. Contam nated feed can be assuned to be
coloni zed by a variety of m croorgani sns which may produce
toxins. There is no report of associating P. roqueforti wth
abortion in cattle through Koch's Postul ates. Mreover, the
rel evance of these reports to human health issues is
guesti onabl e.

The primary potential human health effect of P. roqueforti
is the production of nycotoxins. The nost toxic of these are
roquefortine and PR toxin. Oher nycotoxins produced by this
organi sns appear to be less toxic and of |low concern. Health
effects data on PR toxin and roquefortine are based principally
on animal data. An LD50 in rats has been reported as 10-20 ng/ kg
intraperitoneal. The available data on exposure to roquefortine
and PR toxin appear to be limted to food consunpti on.
Roquefortine has been recovered from blue cheese at |ow |l evels
and there have been no reported adverse effects from consunption
of the cheese.

PR toxi n has been shown to cause decreased notor activity
and respiration rates, and hind | eg weakness in mce and rats.
It has al so been shown to be lethal in rats and m ce at
relatively high intraperitoneal doses. Simlar to roquefortine,
PR toxi n has been recovered from cheese; however, data indicate
that PR toxin is unstable in cheese presumably accounting for the
absence of adverse effects in humans from consunption of this
cheese.

Condi tions conducive to the production of nycotoxins by P.
roqueforti include a nmediumof high CNratios (usually with the
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medi um suppl enented with sucrose), growmh of the fungus on the
surface of the medi um presunmably due to the high oxygen content,
and grow h of the fungus in stationary phase. The first two
condition may nost |ikely be encountered during a comerci al
fermentation process.

Under fernentation conditions, the CNratio of the nedi um
Wil be tailored to the need of the fungus based on its
nutritional requirements. In general, mcroorgani sns are nost
productive during the early phases of the growth stage when
conditions are conducive to vigorous growh (i.e., when
met abolismis highest, nutrient level is greatest, and cellular
waste is lowest). Fungal fernentations, in sonme cases, have
ext ended periods of surface/air interface cultivation; a
condi tion conducive to the production of nycotoxins. However,
the uses of P. roqueforti under TSCA are primarily expected to
i ncl ude the production of specialty chemcals. M crobial
fermentation for the production of specialty chem cals under TSCA
have a significantly shorter fernmentation period (days or weeks)
when conpared to typical periods for cheese production (nonths).
Shorter fermentation periods are less likely to result in
stationary phase growh of the fungus. Finally, the production
of toxins vary between strains of P. roqueforti: under specified
condi tions some strains produce nycotoxins while others do not.

P. roqueforti is classified as a class contai nnent 1
m croorgani smunder the NIH Guidelines and is therefore Good
Large Scal e Practices containnment criteria designed to limt
potential exposure to either the m croorganismor its products.
This limted exposure allays concern for exposure of either
wor kers or the public to mycotoxins produced by this organism
The unstabl e nature of the PR toxin further reduces concern for
exposure of workers or the public to this mycotoxin. Overall,
this organismhas a history of safe use wi thout noted reports of
adverse human health effects.

3. Ri sks to the Environnent

Effects to nonhuman targets remain low. The concern for
effects on cattle fromthe consunption of stored silage is based
on anecdotal evidence. Effects were noted to occur follow ng
consunption of noldy silage. The residue contained, anong ot her
organi sms, P. roqueforti. However, a nore definitive test such
as Koch's Postul ates, was not carried out to determne the
causative agent. This organismis not known to be a pat hogen of
pl ants.

Potential environnmental hazards are mtigated by limtations
t o exposure brought about by the conditions of contained use.
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The contai nment conditions and practices enployed in industrial
m crobial fernentations are designed to limt rel ease of the
organismto the environnent.
B. RECOVMENDATI ON

P. roqueforti is recommended for the tiered 5(h)(4)
exenpti on.
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